Abstract. We propose to describe the process pp → π + π − in a perturbative, QCD motivated framework in which a hard udūd → dd annihilation factorizes from soft transition distribution amplitudes. We advocate that the scale allowing for this factorization is the large transverse momentum transfer. In our simplified model, in which the proton is considered as a (scalar)diqark-quark system, a transition distribution amplitude describes the non-perturbative transition of the proton to the meson by emission of a scalar, isoscalar ud-diquark and absorption of an antiquark (analogously forp → π − ). We model the transition distribution amplitudes as an overlap of light-cone wave functions and present first results for the differential cross section. This process will be measured by thePANDA experiment at GSI-FAIR.
Introduction
ThePANDA detector at FAIR (Facility for Antiproton and Ion Research) in Darmstadt is ideally suited for the study of exclusive channels in proton-antiproton collisions. Studying these reactions will open a new area of looking into the interior of hadrons and thus bring new perspectives to the question on how hadrons can be understood in terms of the fundamental degrees of freedom of QCD, i.e. in terms of quarks and gluons. One possibility is to investigate the process pp → π + π − . Pion production is particularly interesting and illuminating because one has well established constraints at hand to find realistic light-cone wave functions (LCWFs) which serve as model input. We adapt the description of heavy D-meson production within the handbag approach, cf. Ref. [1] , to the case of light meson production. We advocate that for large transverse momentum transfer and for restricted parton virtualities and intrinsic transverse momenta the process amplitude factorizes into a (hard) partonic subprocess and (soft) hadronic transition matrix elements. The hadronic transition matrix elements can be parameterized by transition distribution amplitudes (TDAs) which have been introduced in a series of papers, cf. Refs. [2] - [5] . To model the TDAs we extend the formalism of LCWF-overlap, developed in Ref. [6] . Figure 1 . The double-handbag mechanism for pp → π + π − . Left: DGLAP-contribution. Right: ERBL-contribution (one of two). The blobs contain the non-perturbative dynamics of the process and are parameterized by transition distribution amplitudes.
The Handbag Mechanism
The assignments of the momenta of the incoming baryons and outgoing mesons can be read off from Fig. 1 . The reference frame (symmetric center-of-momentum system (CMS)) is aligned along the z-axis of the 3-vector of the average momentump defined byp ≡ 1 2 (p + p ′ ). Symmetric CMS means that the transverse component of the momentum transfer, defined by ∆ ≡ p ′ − p = q − q ′ , is symmetrically shared between the incoming and outgoing particles. In light-cone (LC) coordinates the incoming proton and the outgoing π + momenta are written as
The, so called, "skewness parameter" ξ is defined by ξ ≡ − ∆ + 2p + and gives the relative momentum transfer between the proton and the π + in the longitudinal plus direction 1 . The antiproton and the π − momenta are parameterized in an analogous way.
Similar to wide-angle Compton scattering, cf. Ref. [7] , we argue that for large CMS scattering angles, i.e. large Mandelstam s, t and u (t, u ≥ 1 GeV 2 ), the process can be described by a double-handbag mechanism. This double-handbag mechanism is shown in Fig. 1 . Given the large scattering angles, that provides us with a large energy scale, it is assumed that the pp → π + π − amplitude factorizes into a hard-scattering kernel on the partonic level and soft hadronic p → π + andp → π − transition matrix elements. We stress that there is no rigorous proof for factorization for our process. It is, at most, a first step in this direction. In the handbag mechanism only the minimal number of constituents which are required to transform the (initial) pp-to the (final) π + π − -pair actively take part in the partonic subprocess. Since we consider the proton to be a bound state of a scalar diquark, denoted by S[ud], and a u-quark the active constituents are the S[ud]-diquarks and d-quarks on the proton side and the corresponding antiparticles on the antiproton side.
Using the physically plausible assumptions of restricted parton virtualities and restricted intrinsic transverse momenta, cf. Refs. [1, 7, 8] , the hadronic amplitude can be written as
1 Note that in our reference frame and for the pion production ξ < 0.
It is a convolution of a hard-scattering kernel H and two hadronic matrix elements with respect to the average momentum fraction defined bȳ
Since we are working in the LC-quantization framework we want to work with the independent degrees of freedom of the d-quark field operators. This can be done using the same projection techniques as in Refs. [1, 7, 8] . The amplitude thus becomes
where we have defined the hard-scattering amplitude as
. Now, depending on thex (′) -region, three different partonic subprocesses contribute (see Fig. 1 
): S[ud] S[ud] → dd (left), S[ud] → S[ud] dd (right) and S[ud] → S[ud] dd (not shown).
So far we have only taken a closer look on the contribution coming from the DGLAP-region alone, i.e. Fig. 1 left. In Sec. 5 we discuss the possible influence of the ERBL-Region.
Modeling the hadronic transitions
The soft hadronic matrix elements are modeled in the spirit of an overlap of LCWFs (focusing on the p → π + -transition, since thep → π − -transition can be treated along the same lines). For doing that we take the Fourier representation of the field operators and the Fock-state decomposition of the hadron states in LC-quantum field theory. We only take the valence Fock states of the hadrons into account, i.e. a |p : S[ud], d and a |π + : u,d state for the proton and π + , respectively. Furthermore we only consider configurations with zero orbital angular momenta between the partons such that the parton helicities sum up to their parent-hadron helicity. According to Ref. [9] we choose for the proton
and according to Ref. [10] for the pion
as LCWFs.x andx denote the momentum fractions of the active S[ud]-diquark inside the proton and the actived-quark inside the π + , respectively. Each of the wave functions has two free parameters, a global normalization constant N p,π and an oscillator parameter a p,π . For the proton they are fixed by requiring a valence Fock state probability of P p = 0. This gives N π = 26.1 GeV −2 and a π = 1.0 GeV −1 . The result for the LCWF overlap is shown in Fig. 2 for different values of the CMS scattering angle. 
Hard-Scattering Amplitudes
Under the assumptions on the parton momenta discussed in Sec. 2 one can show that in the hardscattering amplitude the momentum fractions are approximately 1, i.e. x 1,2 = x ′ 1,2 ≈ 1. Since we treat the scalar diquarks and the d-quarks as being massless, the hard-scattering amplitude vanishes when λ 2 = λ ′ 2 . The non-vanishing contributions are
where F s (s), taken from Ref. [11] , takes care of the composite nature of the diquarks and the fact that they should dissolve into quarks if a large amount of momentum is transfered to the diquarks.
Results and Discussions
The differential cross section for pp → π + π − reads
The result for the differential cross section in the CMS-angle interval
3 is shown in Fig. 3 . Comparing our result at s = 12.9 GeV 2 for a CMS scattering angle of π/2 with the experimental data of Ref. [12] reveals that our calculations in which we have only taken the DGLAP-region into account, predict a much smaller differential cross section. It is about three orders of magnitude smaller. For CMS energies around 10 GeV 2 (and larger) one may think of the ERBL-region to play a minor role, since there the skewness parameter is small 2 , i.e. it is about 0.1 for a CMS angle of θ = 2π 3 and most of thex (′) integration region 0 ≤x (′) ≤ 1 is covered by the DGLAP-domain (ξ ≤x (′) ≤ 1). If this would be the case, the handbag mechanism, in its present form, would fail to give a reasonable description for pp → π + π − . However, such a conclusion could be premature. In Ref. [3] it is argued that the DGLAP-region dominates the cross section for large values of ξ ≈ 1, while for small (and intermediate) values of ξ the dominant contribution is due to Figure 3 . The differential cross section for s = 7 GeV 2 and 10 GeV 2 as a function of the CMS scattering angle θ.
the ERBL-region, which is mainly determined by a baryon pole contribution. Therefore it might be that the big discrepancy between our results and the experimental data can be attributed to the missing contributions from the ERBL-region. In order to draw definite conclusions we thus have to include also the ERBL-region. This is the subject of current investigations.
